with the ascending development of paralysis. Rats that had completely recovered from paralysis did not have any increased permeability in the central nervous system. Rats which developed paralysis after inoculation with either guinea pig spinal cord emulsion alone or with complete Freund adjuvant had only a small degree, if any, of increased permeability in the vascular system of the central nervous system. Lee and Olitsky were first to report that pertussis vaccine administered intraperitoneally (i.p.) into mice would enhance development of encephalomyelitis after intracutaneous administration of mouse brain antigens in complete Freund adjuvant (CF; 7). Levine et al. (15) showed that Bordetella pertussis cells and fractions rich in histamine-sensitizing factor (HSF) increased the encephalitogenic activity of guinea pig spinal cord emulsions when administered to Lewis rats. Furthermore, B. pertussis cells or fractions of these cells accelerated the onset of experimental allergic encephalomyelitis (EAE) and changed the histological features in the central nervous system (CNS) lesion, thus producing a hyperacute type of EAE (14, 15) . When EAE was induced by giving spinal cord emulsions in complete Freund adjuvant, the cellular infiltrate in the CNS was mainly of the mononuclear cell type, but when B. pertussis vaccine was used, a polymorphonuclear infiltrate and fibrin deposition were also observed (14) . Levine et al. (15) felt that this action of B. pertussis cells was due to HSF or closely associated with it.
HSF increases histamine sensitivity in mice and rats, induces lymphocytosis, protects mice from intracerebral challenge with virulent B. pertussis, increases antibody response to many antigens, and accelerates some autoimmune diseases (18) . The substance consists mainly of protein and, possibly, lipid (8, 17, 25) . It is heat labile (inactivated by 80°C for 1/2 h) and is destroyed by certain protein-denaturing agents and some proteolytic enzymes (18) . Because this substance has been referred to in the literature by different names, we have proposed the unifying name of "pertussigen" (J. J. Munoz, Fed. Proc. 35:813, 1976) , and it will thus be referred to in this paper.
The mechanism by which pertussigen induces hyperacute EAE is not known, but it has been 628 BERGMAN, MUNOZ (3) .
Each rat received intravenously 5 MCi of '31I-labeled human serum albumin in 1 ml of saline 24 h before receiving a second intravenous injection of 5 uCi of '25I-labeled human serum albumin in 1 ml of saline.
Exactly 5 min later, 20 pi of blood was taken from the infraorbital sinus, the rats were sacrificed by decapitation, and the spinal cords and brains were removed. Starting at the cervical end, the cords were cut into four segments of approximately equal length (2.5 cm Among these groups, paresis in the tail and hind limbs developed only in 4/13 of the rats which had received guinea pig cord homogenate. This paresis began on about day 9 or 10 and lasted only a few days. On the other hand, vascular permeability was markedly increased in the spinal cord of rats receiving spinal cord and BPE. Increased permeability in this group started on day 5 in the fourth segment of the spinal cord, and by day 6, the vascular permeability was high throughout the spinal cord. The permeability of the vessels remained high through day 12. In the same group, one of four rats used on day 6 had a 3+ paralysis, and 19/20 of the rats used on the days 7, 8, and 12 had 3+ or 4+ paralysis. It was of interest that at day 5 the greatest permeability was observed in the fourth segment of the cord. On days 8 and 12, however, the permeability was greater in the upper sections. In one experiment in which the permeability of the cord was visualized in paralyzed rats by an intravenous injection of Evans blue, it was also apparent that the fourth segment of the cord was more permeable to the dye than were the upper sections, at least in the early stages of paralysis, which suggests a relationship of increased permeability with the ascending type of paralysis observed in EAE.
Administration Disappearance of vascular permeability and recovery from hyperacute EAE. In many experiments it was found that rats sensitized with guinea pig spinal cord or rat brain plus BPE that did not develop more than 3+ paralysis and a few of those which developed even 4+ paralysis recovered from the disease. There were only two such animals surviving at day 14 (Table 2) , and elevated vascular permeability levels were not demonstrable in either of them. To further elucidate the relationship between EAE and vascular permeability, we decided to compare rats undergoing hyperacute EAE, induced by BPE, and classical EAE, induced by giving guinea pig spinal cord in an emulsion with CF, and to measure the permeability before, during, and after development of EAE. Twenty-five rats received i. (Table 3 ).
There was a direct relationship between the dose of pertussigen given to the rats with the encephalitogenic antigen and the severity of the hyperacute EAE which subsequently followed. As mentioned above, of 15 Fig. 1 and   2 . In Fig. 1 
M, Mononuclear cells; P, polymorphonuclear; F, fibrin; N, neuronal destruction. Nine rats were employed per treatment group, and three were sacrificed at each of days given above. The readings are subjective averages of the predominance of the elements in three separate sections of the cord.
' GP, Guinea pig.
diffused mononuclear cell infiltration with scat-morphonuclear cell infiltration of vessel walls tered polymorphonuclear cells in the grey and and some focal hemorrhages were seen. Some white matter. Acute vasculitis with some poly-neurons were in varying stages of degeneration, and few neurons were infiltrated with polymorRats that received guinea pig cord alone also phonuclear leukocytes (Fig. 3) . Perivascular fi-showed histological changes in the cord that brin deposition (revealed by PTAH stain) was were pronounced by day 8. The pathology in also seen on day 8. At 5 days, the rats that this group consisted mainly of a peripheral received guinea pig cord + BPE showed no (meningeal) and focal perivascular mononuclear histological changes in the cord or brain; how-infiltration. An occasional polymorphonuclear ever, the animals that received rat brain + BPE leukocyte was seen, but the cell infiltrates conalready showed slight mononuclear and poly-sisted mainly of lymphocytes and histiocytes morphonuclear leukocyte infiltration at this within the meninges and about the major nerve time.
trunks of the cauda equina.
'i~~~~~~' The contrast between the pathology seen in animals treated with guinea pig cord + BPE and guinea pig cord alone is illustrated in Fig. 4 . These photomicrographs were taken of longitudinal sections from the mid part of the cord.
Brains of animals which received guinea pig spinal cord alone had a slight mononuclear infiltrate on days 8 and 15 The manner by which pertussigen induces accelerated EAE is not well understood. Two actions of this substance may be involved: (i) the adjuvant action, and (ii) enhancement of the ability of vasoactive agents to increase vascular permeability. Levine et al. (11, 12, 14) and Paterson (22) have shown that edema and fibrin deposition occur in the spinal cord of rats with EAE. In the present work, we have shown conclusively that pertussigen increased vascular permeability in the spinal cord during the onset of paralysis in hyperacute EAE. Furthermore, this permeability appeared first in the lower region of the cord and then throughout the cord. In severe cases of EAE, vascular permeability was also increased in the brain. In our laboratory, 10 mg of guinea pig spinal cord emulsion mixed with CF adjuvant induced mild EAE in Lewis rats. Paralysis started at about day 15 in contrast to days 6 to 9 in rats receiving pertussigen and 200 mg of cord. Furthermore, the increase in vascular permeability in brains and cords of rats receiving spinal cord in CF was only slight on days 15 The histological studies showed, as previously described (14, 15, 27) , that histopathological changes without clinical signs can occur in animals receiving encephalitogenic material alone. The lesions in this case were mostly peripheral, and the cellular infiltration was mainly of the mononuclear type (lymphocytes and histiocytes). In these animals no significant increase in vascular permeability of the spinal cord was observed. In contrast to this, animals that received encephalitogenic material (guinea pig spinal cord or rat brain) mixed with pertussigen developed a more central cellular infiltration, both in the grey and white matter, consisting of mononuclear cells and polymorphonuclear leukocytes. Acute vasculitis with extravascular fibrin deposition and some hemorrhages were also detected. In severe cases, neuronophagia was also observed. We have not studied the histological changes in rats that recovered from mild forms of EAE, but since complete recovery of motor activity occurred, neuronal destruction is probably minimal.
We are inclined to think that the initial paralysis in hyperacute EAE is the result of edema after a marked increase in vascular permeability of spinal cord capillaries and also due to an acute vasculitis. In our work the onset of paralysis corresponded to the onset of increased permeability in the cord, and the ascending type of paralysis seemed to parallel the increase in permeability which first appeared in the caudal end of the cord and then increased in the mid and cervical segments.
Histological changes induced in Lewis rats receiving guinea pig spinal cord without adjuvants were, in most cases, not sufficient to produce paralysis; these mostly peripheral and focal changes did not seem to explain paralysis. In rats receiving pertussigen + cord, the histological changes were more diffusely distributed throughout the grey and white matter. It seems to us that the increase in permeability of capillaries may be responsible for this cellular distribution.
Paterson (22) (13, 21) .
An important role of pertussigen could be the blockade of an adrenergic receptor (6) which results in an altered reactivity of the vessels to vasoactive substances. In this respect it should be noted that susceptibility of rats to EAE can also be increased by removal of adrenal glands (16) .
The adrenergic blockade which pertussigen induces (6, 18) may, through its effects on metabolism and the neuro-endocrine system, diminish the rats' ability to counteract or compensate for the vascular effects produced by endogenously released vasoactive amines such as histamine and/or serotonin. These amines are released directly (from mast cells and basophils) or indirectly (from platelets following release of platelet-aggregating factor from basophils [2] ) when sensitized cells are challenged with antigen. If such a release occurs in the proximity of capillaries ofthe spinal cord and brain of animals in which an adrenergic blockade exists, antibody and/or sensitized cells may penetrate the parenchyma of the spinal cord and brain more readily and in larger amounts and thus accentuate the disease. Thus, the mechanism by which pertussigen enhances EAE in rats may be twofold: (i) an increased antibody or cellular response to spinal cord antigen, and (ii) a blockade of adrenergic receptors which makes the animals more susceptible to endogenously released vasoactive substances, thus increasing vascular permeability in the spinal cord and brain where these substances would be released as a result of antigen-antibody or antigen-sensitized cell reactions.
